Introduction
It is well known that polymeric membranes are typically used for several water treatment applications, including wastewater streams from agrofood (Castro-Muñoz, Yáñez-Fernández, & Fíla, 2016) , textile (Van Der Bruggen, Lejon, & Vandecasteele, 2003) , petroleum industry (Alzahrani & Wahab, 2014) , and removal of pollutants from drinking water (Kim & Van Der Bruggen, 2010) . These membranes generally are aimed to decrease the pollutants in the wastewater (Castro-Muñoz, Barragán-Huerta, Fíla, Denis, & Ruby-Figueroa, 2018; Castro-Muñoz et al., 2016; Van Der Bruggen et al., 2003) . At this point, pressure-driven membrane processes, such as microfiltration (MF), ultrafiltration (UF), are considered as alternatives for the removal of large amounts of organic macropollutants; while nanofiltration (NF) and reverse osmosis (RO) have proven their efficacy in withdrawing micropollutants (Castro-Muñoz, Rodríguez-Romero, Yáñez-Fernández, & Fíla, 2017a; Rajesha, Vishaka, Balakrishna, Padaki, & Nazri, 2017) .
Over the last decade, numerous studies have been devoted to the manufacture of synthetic membranes for specific applications; displaying acceptable features, such as permeability, selectivity, chemical and physical properties. To date, many organic and inorganic materials have been used in the preparation of membrane; inorganic membranes are 2020, Instituto Mexicano de Tecnología del Agua Open Access bajo la licencia CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Tecnología y ciencias del agua, ISSN 2007-2422, 11(1), 410-436. DOI: 10.24850/j-tyca-2020-01-11 414 generally prepared using materials such as ceramics, metals and glass;
while organic membranes are based on polymers or composite materials (Ulbricht, 2006) . Particularly, ceramic membranes display higher thermal, chemical and mechanical stability than the polymeric membranes. In addition, the hydrophilicity and surface charge of ceramic membranes are higher than the polymeric ones. Thereby, ceramic membranes can be used under extreme conditions of pH, temperature and high oxidizing environment (Yong, Wahab, Peng, & Hilal, 2013) . On the other hand, polymers offer great design flexibility being generally cheaper, e.g., MF and UF membranes based on polysulfone (PSF), polyethersulfone (PES), polyacrylonitrile (PAN), polypropylene (PP), polytetrafluoroethylene (PTFE), and polyvinylidine fluoride (PVDF). Nevertheless, there is a need for enhancing the separation performance of these polymeric membranes, as well as improve some other physic-chemical properties such as stability, hydrophilicity profile and fouling resistance, being the latest the main limiting factor in large-scale applications. Fouling phenomenon generally involves the accumulation of organic-inorganic matter on membrane surface and inside the pores. In this case, the biofouling is the most intrinsically complex form of fouling. Biofouling is a consequence of irreversible microbial cell adhesion (one or several types of microorganisms), followed by colonization on membrane surface forming a microbial biofilm (Flemming, 1997) . Once the biofilm is formed at membrane surface, it makes extremely difficult its removal using external agents (Subramani & Hoek, 2008) . Moreover, biofilm restricts the solvent permeation across the membrane that leads to increase the Thereby, such membranes could be used as membrane filters for drinking water treatment. Furthermore, CNTs can modify the physicochemical properties of the membranes, which encourage their potentiality for several applications. Typically, the inner pores of CNTs tend to act as selective nanopores, and thus CNT-filled membranes tend to display an enhanced permeability without a decrease in their selectivity, while enhancements in mechanical and thermal properties can be obtained as well.
Another material, which has been applied as filler in nanocomposite membranes, is titanium dioxide (TiO 2 ). This nanomaterial has good thermal and chemical stability, low human however, zeolites also possess a molecular-sieving separation mechanism, which can contribute to better separation efficiencies. 
General remarks
To date, the incorporation of different classes of nanomaterials (e.g.,
ZnO, Ag or Cu-based materials, GO, TiO 2 , Al 2 O 3 , Fe 3 O 4 , zeolite, clay, SiO 2 , graphene oxide) into polymeric membranes tends to enhance the hydrophilicity depending on the type of polymer, contributing to suppress the fouling phenomenon in water treatment. Additionally, the filler materials can also provide the possibility to improve some other properties (e.g., mechanical, thermal, and chemical) as well.
These current findings provide valid inputs concerning the potentialities of these smart membranes in water purification, according to the antibacterial properties of the fillers. Particularly, the exploitation of composite membranes can be synergistic towards efficient water treatment (e.g., wastewater processing), if there is a coupling to other technologies, e.g., photocatalytic process (Zhao, Chen, Quan, Yu, & Zhao, 2016), electrocoagulation, electrofiltration (Yang, Chen, Yang, & Yen, 2016), or membrane bioreactor (Khalid, Abdel-Karim, Ali-Atieh, Javed, & McKay, 2018) . Finally, it is important to take into account that the compatibility between the nanomaterial and polymer is crucial in order to synthetize highly efficient nanocomposite membranes.
